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Toxicities associated with hyperthermic isolated limb perfusion and
isolated limb infusion in the treatment of melanoma and sarcoma
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Abstract
Hyperthermic isolated limb perfusion (HILP) and isolated limb infusion (ILI) may play a significant role in the treatment of
patients with recurrent or in transit extremity melanoma or sarcoma that is unresectable. These procedures may be indicated
when patients are otherwise faced with the possibility of a debilitating amputation. Not entirely benign treatment modalities,
HILP and ILI can be associated with regional and systemic toxicities. We conducted a literature search of published studies
using HILP and ILI for the treatment of extremity sarcomas and melanomas, and associated toxicities was performed.
The regional toxicities of HILP and ILI are similar. The most common toxicities reported are mild to moderate. However,
when severe regional toxicity occurs, albeit infrequently (<5%), fasciotomies or even amputation may be necessary. Some
studies have showed a relationship between acute regional toxicities and long term regional morbidity. Systemic toxicity
appears to be more frequent when TNF- is used in combination with other drugs during HILP, however the use of TNF-
in the United States is limited to trials.
Although regional toxicities are similar, systemic toxicity of ILI is minimal compared to HILP. ILI is easier to repeat,
technically less complex, and may be more acceptable in infirmed patients. Long term morbidity and outcomes for ILI are
still being evaluated. Both of these techniques may be suitable options in patients with unresectable advanced or recurrent,
or in transit extremity melanoma or sarcoma.
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Introduction
Hyperthermic isolated limb perfusion (HILP) is used
for the treatment of in transit metastases from
melanoma confined to an extremity and was
described by Creech, Krementz, and co-workers in
1958. Its minimally invasive counterpart, isolated
limb infusion (ILI), was described by John Thompson
from the Sydney Melanoma Group in Australia in the
late 1990s. These two techniques have emerged as
alternative treatments for patients who present with
unresectable (recurrent or in-transit disease) extremity melanoma and soft tissue sarcomas (STS) [1, 2].

HILP is usually performed under hyperthermic
conditions, with temperatures ranging from 39 to
42 C [3]. Higher response rates, as well as greater
regional toxicity, have been shown to be associated
with higher temperatures [4, 5]. During HILP,
chemotherapeutic agent leakage into the systemic
circulation is monitored by inert compound 99mTcradiolabeled albumin or erythrocytes injected into
the circuit [3, 6].
The regional toxicities seen in HILP range
from mild erythema in the perfused leg to soft
tissue injury severe enough to require amputation.
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These toxicities may not be just related to the
temperature of the limb/perfusate during the procedure, but also directly related to the type of
chemotherapeutic agent used in the perfusate
[7–9]. Systemic toxicities seen in HILP are related
to the amount of leakage of chemotherapy into the
systemic circulation [10]. The leakage rate is usually
less than 3–4%, however, with high flow rates leakage
can increase leading to gastrointestinal, bone
marrow, integument and other constitutional symptoms [10, 11].
The regional side effects after an ILI are similar
to those seen after HILP and range from mild to
moderate edema to compartment syndrome or,
rarely, amputation [12–15]. After an ILI the majority
of patients will manifest regional toxicity symptoms
in the form of mild to moderate edema to erythema
and blistering [12–19]. The rates of compartment
syndrome are reported in some series in up to 15%
of cases, but most series report compartment
syndrome rates less than 4%. Amputations have
been reported after an ILI but only associated with
repeat infusions and only in one series [13].
Systemic side effects secondary to chemotherapy
agent leakage are rarely seen with ILI. These side
effects have been shown to be minimal and generally
less than those seen with HILP. The most common
side effects consist of mild post-operative nausea.
Bone marrow, major gastrointestinal and constitutional toxicities are rarely seen in this procedure
[12–18]. Systemic heparinization and reversal with
protamine after the procedure can lead to potential
side effects such as bleeding complications as well
as hypotension secondary to protamine usage in both
HILP and ILI [20].
Regional vascular complications such as venous
thromboembolism (DVT and subsequent pulmonary
embolism) as well as arterial thrombosis secondary
to vascular cannulation in HILP or catheter placement in ILI are potential complications as well. DVT
has been reported between 1.7% to 10% of the cases
after HILP [21, 22].
In this manuscript we will review the acute and
chronic regional toxicities associated with ILI and
HILP as well as the systemic complications that may
be seen with each treatment modality.

Regional toxicity of HILP and ILI
Regional toxicity after an HILP or ILI can be broken
down into acute (immediately after the procedure to
3 months) and chronic (beyond 3 months). In 1982
Weiberdink and colleagues described a grading
system that is commonly used to report acute tissue
reactions (regional toxicity) seen after these procedures (Table I). Grade I toxicity is no reaction.

Table I. Grading of acute limb toxicity according to
Weiberdink et al. [19].
Grade I
Grade II
Grade III
Grade IV

Grade V

No subjective or objective evidence of reaction
Slight erythema and/or edema
Considerable erythema and/or edema with
some blistering; slightly disturbed motility
Extensive epidermalysis and/or obvious damage
to the deep tissues, causing definitive functional
disturbances; threatening or manifest
compartment syndromes
Severe reaction which may necessitate amputation

Grade II toxicity is described as soft tissue reactions
manifesting as slight erythema or edema in the
extremity. Considerable erythema or edema with
some blistering is seen in grade III toxicity, whereas
extensive epidermiolysis or obvious damage to deep
tissue occurs in grade IV. Grade IV injury may cause
definite functional disturbance with a threat or
manifestation of compartment syndrome requiring
fasciotomy. Grade V reactions include severe tissue
necrosis or vascular catastrophe that may or does
result in amputation [19].
Although the Weiberdink scale is the standard
measure of extremity/regional toxicity injury scoring
system, a more comprehensive system was proposed
by Vrouenraets and colleagues in 1998. This more
‘objective’ regional grading system could include
creatine kinase (CK) levels, serial evaluation of
intracompartmental pressure, limb circumference
measure, and neurological exam [9, 23].
The most common regionally related symptoms
are seen within the first 48 and 72–96 hours after
HILP and ILI, respectively [9, 10, 12, 13].
These reactions are typically mild to moderate
erythema, edema and pain (Weiberdink grades II,
and III). Severe blistering after these procedures is
not uncommon and can be seen around 7 days postprocedure. Most symptoms are largely resolved by
2–3 weeks post-procedure. However, edema and
erythema can persist for months in a mild form.
Other acute regional side effects include temporary
loss of nails, drying or blistering of skin on the palms
and soles, inhibition of hair growth and transient
neuralgia [10, 24].
Factors reported to predispose to severe tissue
reactions include: pharmacokinetics of the drugs,
such as higher doses and peak concentrations in the
perfusate, proximal level of isolation, deterioration
of venous blood gas values, low flow rates, low tissue
oxygen, and tissue temperature greater than 40 C.
Temperatures of 42 –43 C produce only slight
increase in complete response rates, but are associated with severe extremity damage and may lead
to amputations [4, 5, 8, 9]. Other factors related to
toxicity are acidic pH, age younger than 60,
arteriosclerosis, and female gender (believed to

Toxicities associated with HILP and ILI
be related to lower muscle-fat ratio in females)
[9, 25, 26].
On a molecular level, the glutathione-s-transferase
detoxification pathway may play a role in effecting
response and regional toxicity after infusion or
perfusion with melphalan. In vitro studies have
shown that inhibitors of glutathione enhance the
cytotoxic effect of melphalan on cells that are
resistant to alkylating agents. This increased activity
could also potentially translate into an increased
incidence of soft tissue toxicity when melphalan is
used [27].
Acute regional toxicity and HILP
The HILP technique has been used for almost
50 years. With this experience has come a well
documented history of the complications associated
with HILP as well as an accepted regional toxicity
scoring system. In general, complications associated
with HILP are comparable or worse than ILI.
The perception that HILP may be worse could be
related to the agents used in HILP such as TNF-
and the early use of hyperthermic conditions, which
potentiates the local effect of melphalan and other
drugs used in the HILP circuits [7, 28].
Skin/soft tissue damage. Skin and soft tissue injury
can range from mild to severe regional damage,
corresponding to grades I to III on the Weiberdink
regional toxicity scale. Weiberdink grades I to III are
the most common findings in the perfused extremities postoperatively. Rossi and colleagues evaluated
the response of 21 patients with STS who underwent
HILP in a phase I/II trial using doxorubicin and
TNF- [29]. Twenty (96%) patients experienced
grade III regional toxicity or less [29]. Grünhagen
et al. reviewed the use of HILP in 197 patients with
STS using TNF- þ melphalan. They reported 76%
grade I–II, and 21% grade III regional toxicities
seen after HILP [30]. Bonvalot et al. also studied
HILP using de-escalating doses of TNF- with
concomitant melphalan in 99 patients with STS.
Most regional toxicities were grade II or lower,
ranging from 32–48% [31]. In the Noorda study
of 49 patients with STS the authors reported grade
I-II toxicity in 71% of patients and grade III in 25%
[32]. In another study by the same authors, of 130
patients with melanoma treated with melphalan
alone versus melphalan plus TNF-, they reported
grade I–II toxicities in 27% and 75% of patients,
respectively. Grade III toxicities were similar in
both groups [33]. In our small institutional series
of 15 patients who underwent HILP for STS with
melphalan alone, we encountered mostly grade II
and III acute toxicity [34]. Overall, greater than 90%
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of patients experience Weiberdink regional toxicity
scores of III or less.
Pain. In the ACOSOG trial Z0020, 130 patients
were treated with HILP using either melphalan
alone, or melphalan/TNF-. The trial was closed
early due to a lack of significant benefit seen in the
combined group; however, a total of 16 patients
reported pain as an adverse event. Pain occurred in
11(17%) of melphalan alone treatments and 5(8%)
of the combination arm [35].
Neurovascular injury. The HILP technique involves
direct intravascular manipulation of both vein
and artery. As a consequence, acute vascular
complications are reported in 1%-10% of cases.
These injuries/adverse events can range from DVT
and possible pulmonary embolus to acute
arterial thrombosis necessitating thrombectomy and
potential limb loss. These include both arterial
and venous thrombosis, hemorrhage and risk of
anticoagulation, and complications associated
with heparin reversal (use of protamine). Vascular
complications are typically associated with higher
regional toxicity scores [20, 22, 36, 37].
Arterial and venous injuries. In a study by Eggiman
using TNF-alpha, melphalan, and IFN-gamma, one
out of 18 patients (5%) required an arterial
thrombectomy post-HILP [26]. In one large series,
the incidence of thrombosis at the arteriotomy site
was 2.5% in 366 patients [38].
Noorda et al. reported their experience in 49
patients
who
underwent
HILP
using
melphalan þ TNF-. Three (6%) major ILP complications occurred. This included 2 arterial thromboses requiring thrombectomy without amputation
or fasciotomy. Chemotherapy and adjuvant radiation
may contribute to the incidence of long term arterial
stenosis [32].
DVT post-HILP occurs in 1.7%-10% of cases
[21, 22]. Recently Hoven-Gondrie et al. reported on
long-term locoregional vascular morbidity after
HILP and external-beam radiotherapy for STS
of the extremity. They reported an incidence
of post-operative DVT in 7.7% of 77 patients
undergoing HILP [21].
Compartment syndrome. Compartment syndrome
has been well documented after HILP for melanoma
and STS. The reports in the literature of compartment syndrome necessitating fasciotomy range from
1% to 5% [29–31, 39–42]. One (4%) of 21 patients
in the Rossi study underwent fasciotomy for compartment syndrome (Weiberdink grade IV toxicity).
This resulted in permanent popliteal nerve palsy
for that patient [29]. Grünhagen et al. performed
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217 HILP in 197 patients with STS using
TNF- þ melphalan. They reported 2% grade IV
Weiberdink toxicities [30]. In a study by Eggiman
using TNF-alpha, melphalan, and IFN-gamma, one
out of 18 patients (5%) ultimately developed
compartment syndrome requiring fasciotomy [26].
Noorda et al. reported their experience of 49 patients
who underwent HILP using melphalan þ TNF-
for STS post XRT. Grade IV toxicity was seen in
2% [30]. In the USA, the ACOSOG randomized
multicenter trial Z0020 of 124 patients who
underwent
HILP
with
melphalan
versus
melphalan þ TNF- for locally advanced melanoma
reported grade IV toxicity in 1 (2%) and 2 (3%)
patients in the melphalan alone and melphalan/TNF arms, respectively [35].
Amputation. Treatment related amputation is the
most extreme regional complication seen with HILP.
Fortunately, this complication is rare. In the USA,
the American College of Surgeons Oncology Group
(ACOSOG) randomized multicenter trial Z0020
evaluated 124 patients who underwent HILP with
melphalan versus melphalan þ TNF- for locally
advanced extremity melanoma. This trial showed
a higher complication rate in the combined treatment
arm without demonstrating enhanced short-term
response. Two (3%) toxicity related amputations
(grade V) were performed in the combined arm,
while none were performed in the melphalan alone
arm. These authors also found a greater probability
of grade III-V toxicity after HILP with TNF-alpha
(36%) than after normothermic (16%) or ‘mild’
hyperthermic (17%) HILP with melphalan alone
(p ¼ 0.0038) [35]. In a series published by
Vrouenraets and colleagues of 415 patients treated
with HILP, two patients (0.5%) underwent treatment related amputation [28]. In our small institutional series of 15 patients who underwent HILP
for STS with melphalan alone, one (6%) patient with
grade V toxicity, required treatment related amputation of the fifth finger after an upper extremity HILP
[34]. In general, most studies in the recent literature
report procedural related amputation rates ranging
from 0–3.3% [2, 29–31, 39–42].
Reports in the literature documenting acute
regional toxicities after HILP or ILI procedures are
summarized in Table II.
Long term regional toxicity and HILP
There are few studies reporting long term morbidity
after HILP or ILI. In general it is accepted that
higher grade regional injury scores result in more
tissue damage and increased long-term complications [19, 43]. A report by Vrouenraets of long-term
morbidity after HILP in 367 patients showed that

44% had some degree of objective or subjective longterm morbidity. Overall, 55 (15%) patients were
left with some degree of limb malfunction. In
the majority (46 of 55), this was caused by muscle
atrophy or fibrosis and/or neuropathy. In this
study, their data suggest that the degree of acute
regional tissue injury had a statistically significant
effect on the incidence of long-term morbidity
(p < 0.001) [43]. In general, long-term effects after
HILP are mainly functional and consist of edema,
stiffness, functional impairment, and muscle atrophy
[32, 44, 45].
Neurovascular. Little is published on long-term
vascular complications associated with HILP. In
the study by Hoven-Gondrie study researchers
showed a time related decrease in ankle-brachial
index (ABI) and femoral pulsatility index (PI) in the
treated extremity. Both ABI and PI were significantly
decreased when compared to the contralateral leg
(p ¼ 0.001 and p ¼ 0.011, respectively). Interestingly,
there was not a strong concordance in patients with
decreased ABI/PI and subjective complaints. In this
series partial arterial occlusion was identified in 3%
of patients, and total occlusion at the cannulation
sight in 6% [21].
Pain. In 1995 Vrouenraets reported on long-term
morbidity after HILP. Minimum follow-up in this
series was one year. Of 367 patients, 8% reported
chronic pain as a result of the procedure [43].
Decreased range of motion. Grünhagen et al. from
The Netherlands, reviewed the use of HILP in 197
patients with STS using TNF- þ melphalan. In
long-term functional follow-up, 72% of patients had
normal function of the involved extremity, 7% were
mildly disturbed, and 4% had severely diminished
limb function, requiring the use of ambulatory aids
[30]. In our small institutional series of 15 patients
who underwent HILP for STS with melphalan alone,
chronic lymphedema [Figure 1] and neuropathic
pain were persistent at 12% and 6% incidence
respectively one year after HILP [34]. These
complications directly or indirectly limited the
range of motion in those patients.
Vrouenraets study of long-term morbidity after
HILP in 367 patients showed that 44% had some
degree of objective or subjective morbidity. Muscle
atrophy and fibrosis occurred in 11% and limb
malfunction in 15% of treated patients.
Lymphedema, the most commonly reported morbidity, was present in 28% of patients [43]. In a later
study by Vrouenraets et al. the authors reported the
long term regional morbidity of 65 patients who
underwent HILP. The authors found that 24%
of patients had atrophy of the muscles in the perfused
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most commonly reported morbidities were neuropathy (4%), and recurrent infections (3%) [43].
Amputation. In a recent study Hoven-Gondrie and
colleagues sought to evaluate the long-term locoregional vascular morbidity after HILP and externalbeam radiotherapy for STS of the extremity. In this
series median follow-up was 88 months. Five of 32
patients underwent leg amputation. Two cases were
due to critical leg ischemia 10 years after ILP [21].
In most series late amputation has not been reported
very commonly with the HILP technique.
Acute regional toxicity and ILI

(b)

Figure 1. Panel A depicts Weiberdink regional toxicity
grade III 6 days after an isolated limb infusion. Notice the
erythema, edema and severe blistering of the skin. Panel B
shows resolution of these toxicities by the 6 week postoperative visit.

extremities [46]. Van Geel et al. also reported 20%
and 36% chronic lymphedema of the upper extremities and lower extremities, respectively, with
severe ankle restriction in 25% of patients with
a median follow up of 5 years after HILP [47].
Higher rates of lymphedema have been associated
with groin dissection performed at the time of
HILP [46].
Altered sensation/neuropathy. Neuropathy has been
reported ranging from 1% to 48% of perfused patients
[48]. This complication may result from drug choice,
compartment syndrome, or excessively tight tourniquet placed at the time of operation. In Rossi’s phase
I/II trial six patients (29%) had chronic, but reversible
neuralgia post-HILP. All six patients were treated
with analgesics for 4-8 months with eventual resolution of their symptoms [29]. In the Vrouenraets study
of long-term morbidity after HILP in 367 patients the

The regional toxicity of ILI has been considered and
reported to be comparable to HILP. The acute
regional side effects seen after ILI are also measured
by the Weiberdink regional toxicity scale and
range from I to V, with the majority of reports
describing acute regional side effects in the grades I
to III range [12, 14–17].
Skin/soft tissue damage. As seen with HILP, the
majority of the reported regional toxicity effects
of immediately after ILI are related to skin and soft
tissue damage (Weiberdink grade I–III), with incidences ranging from 38%–100% [14–18]. In a study
from the Sydney Melanoma Unit using a drug
combination of melphalan and actinomycin D, the
authors reported grade II and III toxicity in 41% and
53% of 43 patients respectively [17]. Brady et al.
reported their results of a phase II trial of ILI with
melphalan and actinomycin D for melanoma and
STS. The authors showed that peak morbidity
occurred at 2 weeks, most of which was grade II
and III toxicities. The majority of these symptoms
resolved by 6 weeks [16].
Zager et al. reported similar results after ILI using
melphalan and actinomycin D on 64 patients with
unresectable recurrent or in transit extremity melanomas. The authors reported the patients’
Weiberdink regional toxicities as grades I–III
toxicity in 96% of patients [14]. Figure 2 depicts a
Weiberdink grade III reaction at 7 days after ILI (A)
and resolution of the symptoms by 3 months post
procedure (B).
Vascular injury and ILI. Although not reported in
the literature, arterial or venous injury secondary to
fluoroscopically placed catheters as well as deep vein
thrombosis due to catheter placement or tourniquet
placement are two potential complications that can
occur during or after an ILI.
Compartment syndrome. Grade IV toxicities requiring fasciotomies has been reported in 1% to 15% of
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amputations have been reported using single ILI
treatments in the literature.
Long-term regional toxicity and ILI
Since ILI is a relatively new procedure, there are very
few reports on long term morbidity form the
procedure. It is possible that the long-term morbidities when finally published will mimic those seen
with HILP.
The majority of patients in the Brady series
experienced grade I/II regional toxicity post-ILI at
3 months follow up. Morbidity greater than grade III
was not seen in this cohort. Of note, the highest
regional toxicities in the Brady series peaked at 2
weeks and most resolved by 6 weeks after the
procedure. These symptoms included Weiberdink
grade I to II toxicity, (mild to moderate edema
of or erythema) and some minor pain and discomfort
with motion. They described few residual side affects
after 3 months consisting of mild lymphedema and
hyperpigmentation of the affected extremity. The
percentages of how many patients experienced long
term (43 months) morbidity were not specified in
this study [16].

Repeated treatments

Figure 2. This figure demonstrates the long term
morbidity after a hyperthermic limb perfusion. This patient
has persistent lower extremity lymphedema 3 months after
successful treatment for in transit melanoma metastases of
the left lower extremity.

patients treated by ILI. In the study by Zager et al.
4% of patients had grade IV toxicity necessitating
fasciotomies, similar to the rate reported by Lindner
et al. where 5% of 135 patients had grade IV toxicity
[14, 17]. Bonekamp et al. reported the higher
fasciotomy rate with 2 (15%) of 13 patients with
grade IV toxicity, using fotemustine and dacarbazine
as chemotherapeutic agents [18]. In contrast, in
the study by Brady et al. where melphalan alone was
used as the infusion agent, the patients did not suffer
any grade IV or V toxicities [16].
Amputations. Procedurally related amputations
after an ILI are uncommon. The only report of ILI
related amputations came out of the study by
Bonekamp et al. where grade V toxicity (amputation)
occurred in 28% (4 out 14 patients), when repeated
treatments were performed using fotemustine and
dacarbazine [18]. No other procedurally related

Both HILP and ILI have an inherent re-treatment
possibility. This may be considerably more challenging in HILP where the vessels have been previously
dissected, isolated, and cannulated. Several studies
have evaluated the effect and complication rates
of patients undergoing more than one HILP [49–52].
ILI may have a distinct advantage when re-treatment
is an option given its less invasive manipulation of the
root vessels.
HILP and repeated treatments
Noorda et al. noted that the acute regional toxicity
after repeat HILP using TNF- and melphalan for
recurrent melanoma was not significantly different
than first-time HILP in 21 patients. Grade I–II
toxicity was seen in 85% of patients undergoing
repeat HILP versus 67% (p ¼ NS) in those
undergoing a HILP for the first time. Grade III–IV
toxicities were not significantly different between
initial and repeat perfusions (15 and 33%,
respectively). There were no grade V regional
toxicities [49]. Grünhagen et al. and Klaase and
colleagues also found that regional toxicity was not
increased with subsequent HILPs [50, 51]. These
results are contradicted by those reported by Kroon
et al. [52]. The Kroon study showed an increase
in regional toxicity after a second perfusion
with a Weiberdink grade III toxicity in 34.8%
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(15 of 43 patients). In general one or more
complications occurred in 28% of patients with a
single HILP. The complication rate increased to
51% for patients having two or more HILPS [53].
Furthermore, data published by Klaase and colleagues reported on a more pronounced long-term
complication rate after a second ILP [51].
ILI and repeated treatments
ILI allows for a relative short interval between
treatments due to the minimal systemic drug leakage
therefore systemic side effects as well as the ease
of catheter placement and technical aspects of the
procedure. [12].
Bonekamp et al. reported on 13 patients who
underwent ILI with fotemustine after dacarbazine
chemosensitation for recurrent melanoma. These
patients had previously failed to respond to an ILI
with melphalan and actinomycin D. In this series 4
(28%) patients underwent late amputations.
Interestingly, the CPK concentrations remained
within normal range in these patients. Local tissue
reaction was so minimal that the patients were
initially discharged home around day three.
However, a second peak of regional toxicity developed in 8 patients 3 weeks after ILI, consisting
of skin breakdown, stiffness, and severe pain.
Eventually all 8 patients underwent amputation
either due to the regional toxicity that was debilitating or development of new tumor nodules throughout the treated limb [18].
Lindner et al. reported that grade III toxicity
increased from 48 to 65% for single and repeated ILI
treatments with melphalan for melanoma, respectively. Fasciotomies for compartment syndrome
(grade IV) were required in 2% of patients on each
group in the Lindner study [15].

Systemic toxicity of HILP and ILI
Systemic toxicity is reported based on guidelines
of the World Health Organization (WHO) grading
system. A five-grade scoring system is used with
values ranging from 0 to 4. The systemic disturbances that are frequently measured include hematologic, gastrointestinal, genitourinary, cardiac,
pulmonary, neurological, and integumentary symptoms [54]. Common Terminology Criteria for
Adverse Events (CTCAE) is a descriptive terminology recommended by the National Institute of
Health to report the severity of symptoms related to
the use of a procedure. The severity of the adverse
event (AE) in an organ or system is graded from 1
(mild) to 5 (death related to AE) [55]. The majority
of the authors to date have reported the systemic and
regional toxicity using the WHO and Weiberdink
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grading system respectively, except for the ACOSOG
study where the AE terminology was used [35].
HILP systemic toxicity
Systemic toxicity during HILP may occur and is
dependent on both flow rate and the degree of drug
leakage into the systemic circulation [11, 26].
Optimal isolation of the limb needs to be achieved
to help avoid systemic leakage. Continuous monitoring of systemic leakage is mandatory to ensure that
the rate of leakage from the limb is less than 5%
of the total dosage [8]. The systemic toxicity after an
HILP is largely related to the type of chemotherapeutic agent leaked into the systemic circulation.
Alternatively, systemic adverse events can be seen
after full systemic heparinization prior to the
procedure as well as protamine reversal.
ILI systemic toxicity
Systemic toxicity is much less common in ILI.
Leakage of drug is minimal during an ILI, however,
there are still systemic side effects seen with the
procedure [12, 14, 17]. The systemic toxicities seen
with ILI can be similar to those described for the
specific chemotherapeutic agents, secondary to the
administration of heparin and protamine, or from
muscle necrosis resulting in systemic enzymatic
release in the immediate post-operative period [14].
There are only a few studies reporting details
of systemic toxicity and ILI [14–18]. Nausea has
been reported in as many as 52% of patients
resolving 48h after ILI using melphalan and actinomycin D [14, 16]. In the study by Zager et al.
no systemic toxicity beyond mild nausea on postoperative day one was seen [14].
Muscle ischemia from tourniquet isolation under
anaerobic conditions may have systemic consequences. In ILI the CPK (creatinine phosphokinase)
rises dramatically around post-operative day four
secondary to rhabdomyolysis. These values can
routinely rise well over 1000 u/L [14, 17]. At CPK
levels greater than 1000 u/L patients are at risk for
myoglobin-induced renal failure and should be
followed very closely with daily blood urea nitrogen
and creatinine levels (BUN and Cr). Aggressive
hydration with normal saline to obtain a brisk urine
output (0.5cc/kg per hour) may reduce the risk
of renal failure [12–14].
Zager et al. report routine draws of serum
CPK every 12 h until they peak on approximately
post-operative day four, and continue to monitor
CPK twice daily until CPK levels start to return to
baseline. Only then do they stop the intravenous
hydration and consider the patients for discharge
home [14].
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Systemic toxicities attributable to specific chemotherapeutic agents
Hypotension. Hypotension seen during or postHILP is likely a reflection of chemotherapy leakage
during the procedure. In a review of the Cumulative
European Multicenter experience by Eggermont
et al., 186 sarcoma patients treated in eight cancer
centers were treated with at least single HILP using
TNF- and melphalan. The systemic toxicity was
considered moderate and easily manageable in
general. Cardiovascular grade III–IV toxicity, with a
hyperdynamic state and hypotension, occurred in 3%
of patients. Symptoms were managed with intravenous hydration [3].
In general the agent most commonly associated
with systemic hypotension is TNF-. Overall, rates
of systemic hypotension are reported at ranges of 0–
94%. Again, the rates of hypotension have been
shown to correlate directly with systemic leakage [11,
26, and 57].
TNF-. TNF- targets the tumor microvascularization, resulting in coagulative and hemorrhagic
necrosis of tumors [58]. When TNF- is used, the
systemic toxicity rate is increased [9, 26, 59].
Leakage can produce a severe systemic
inflammatory response syndrome with shock
necessitating vasopressors [28, 57]. Eggiman et al.
showed severe hemodynamic effects of high dose
TNF-, interferon-, (INF-) and melphalan.
Seventeen of 18 patients (94%) developed vasomotor
shock unresponsive to fluid, needing vasopressors.
Transient pulmonary infiltrates were present in
100% of patients, hematologic disturbances in
83%, infection requiring antibiotics in 61%, liver
toxicity in 50%, and a decrease in creatinine
clearance in 22% of patients. No deaths occurred.
They found an early massive leakage rate with peak
serum levels of 100 000 pg/ml of TNF- [26].
Bonvalot’s report on systemic toxicity comparing
low and high doses of TNF- for the
treatment of STS. They found one of 24 patients in
the TNF- high dose (3mg/4mg) arm of this
study required dopamine for sepsis like syndrome,
and five other patients developed hypotension
that
resolved
with
aggressive
intravenous
hydration [31].
In the Lans study of HILP in 26 patients with
previously irradiated limbs, systemic toxicity was
mild to moderate and reported as ‘easily manageable’. Interestingly, in this study there was not
a correlation between systemic TNF- levels
(they mentioned 410% systemic leakage in five of
these patients) and the severity of the systemic
effects. The authors explained these findings by
suggesting high drug perfusate flow rates with higher

limb venous pressure and insufficient wash out may
have favored leakage [60].
Zwaveling reported on 25 patients who received
HILP with TNF- after subcutaneous INF. In this
study, high plasma TNF- level directly correlated
with a severe inflammatory response/sepsis-like
syndrome. Systemic leakage rates of the drug
ranged from 0% to 8% (median 2%), depending
on flow rate. Respiratory complications occurred in 5
patients (20%), necessitating intubation. Two of
these patients remained intubated for 42 weeks, and
one patient developed multiorgan system failure.
Increased prothrombin time was also correlated with
the systemic concentration/leakage of TNF- [57].
In a study by Sorkin of 15 patients with STS, they
evaluated the systemic toxicity of TNF- using two
different flow rates, while monitoring the patients’
hemodynamic and metabolic variables. An important
conclusion from this study was that TNF-alpha
related systemic toxicity could be reduced by
decreasing flow rates (869  122 ml/min versus
286  62 ml/min (p ¼ 0.003)) [11]. Bonvalot’s
report on systemic toxicity found grade II and III
cardiovascular toxicity correlated directly with the
TNF- dose. In their study they compared four
groups of patients assigned different dose
regimens of TNF (0.5mg, 1 mg, 2 mg and 4 mg)
[31]. In the ACOSOG Z0020 trial the authors
reported more systemic side effects such as cardiovascular, thrombotic, dermatologic, myelosupression, pulmonary, and musculoskeletal side effects,
in patients receiving TNF- and melphalan. Grade
IV CTCAE were identified in 11 (17%) patients in
the TNF-alpha-plus-melphalan arm (p < 0.028)
[35]. In general, recent reports of TNF- related
hypotension range from rates of 0–7% stating
that aggressive hydration is typically all that is
required.
Melphalan. Systemic toxicity is rarely reported to be
severe with melphalan. Its toxicity has been mostly
associated with bone marrow depression, hair loss,
maculopapular rashes, pruritus, and gastrointestinal
toxicity (stomatitis, diarrhea, nausea and vomiting)
[5, 61]. Mortality rates after HILP with melphalan
range from 0% to 9%, with deaths occurring
mainly in the early experience with HILP, mostly
related to systemic toxicity due to significant
leakage of the drug. Some of the reported deaths
were due to pulmonary embolism, cardiac, renal
and bone marrow failure. Generally melphalan is
well tolerated [9, 28, 56].
Hoekstra et al. reported that leakage values
during HILP of about 15% do not always correlate
with systemic toxicity [62]. If systemic leakage
exceeds 10–20% the procedure should be
stopped and the limb flushed [9, 56]. In the
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ACOSOG Z0020 trial the authors identified 3 (5%)
grade IV CTCAE in the melphalan alone arm [35].
Fontemustine and dacarbazine. In the ILI study by
Bonekamp, using fotemustine, systemic drug toxicity
was observed in two patients who developed neutropenia and thrombocytopenia 18–20 days after ILI.
Both problems were of brief duration and resolved
spontaneously. Pulmonary toxicity, which is seen in
systemic leakage of fotemustine was not seen in this
study, nor were any other significant systemic
toxicities [18].
Complications associated with systemic heparinization
and reversal with protamine
Both HILP and ILI procedures are performed under
full systemic anticoagulation with heparin. Both
procedures include isolation of the affected limb
from the systemic circulation. This isolation typically
occurs after the patient is fully anticoagulated
with heparin and activating clotting times are above
300–400 seconds.
Heparin. Bleeding complications may occur in as
many as 10–15% of patients when the major arterial
system is violated. Patients undergoing HILP
undergo systemic heparinization prior to vascular
isolation of the affected limb. Although bleeding
complications are not a frequent finding in the HILP
literature, there is an inherent risk when heparin is
used or vessels are cannulated. A meta-analysis
performed by Landefeld and Byeth evaluating the
risks of systemic heparinization found the mean daily
incidences of fatal, major, and major or minor
bleeding during heparin therapy were 0.05%, 0.8%,
and 2.0%, respectively [63]. Heparin acts as a cofactor for antithrombin, enhancing its activity against
several clotting factors [64]. In-house bleeding
complications of patients undergoing percutaneous
coronary intervention and systemic heparinization
may be as high as 6%. Brener et al. combined data
from four large percutaneous coronary intervention
trials to evaluate the relationship between activated
clotting time (ACT) and hemorrhagic complications.
In this meta-analysis higher doses of unfractionated
heparin (UFH (45000U, or up to 90 U/Kg)) were
independently associated with higher rates of major
and minor bleeding at 48 hours. In this series the
highest bleeding complication rate (4%) correlated
with increased ACT and heparin dose (p ¼ 0.04).
Increasing UFH weight-indexed dose was associated
with higher bleeding rates (OR 1.04 (1.02 – 1.07) for
each 10U/Kg, P ¼ 0.001) [65]. Heparin-induced
thrombocytopenia (HIT) is a clinicopathologic,
immune-mediated syndrome of platelet activation
that complicates 1% to 3% of adult unfractionated
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heparin exposures [66, 67]. HIT carries a thrombotic
morbidity of 38% to 81% and mortality of approximately 28%. Onset is typically within 5 to 10 days
of exposure. Although there are no documented
cases of HIT in HILP, there is inherent risk due to
the use of heparin in the HILP procedure.
Protamine. Protamine’s efficacy is related in part to
its charge, but so is its toxicity. This positively
charged protein complexes with negatively charged
heparin and reverses anticoagulation. In general
protamine is known to provoke adverse reactions in
approximately 10% of patients [68]. Complications
include systemic vasodilation resulting in hypotension and may be associated with the use of protamine
in a dose-dependent fashion. The dominant source
of information regarding protamine is derived from
the cardiac/vascular bypass literature. Rapid administration is associated with a higher complication and
side-effect profile [69]. The protamine-heparin
interaction has been shown to cause increased
pulmonary artery pressure and decrease both systolic
and diastolic pressures, cardiac output, systemic
vascular resistance, and myocardial oxygen consumption. These multiple cardiovascular effects are
compliment and histamine mediated [70]. Risk
factors for adverse reactions after protamine include
previous cardiopulmonary bypass, insulin treatment,
history of fish allergy, and prior vasectomy [71].
None of the studies evaluating HILP report protamine-associated complications. However, it is easy to
see that cardiovascular related symptoms associated
with protamine might be assumed to correspond to
chemotherapy agents used (TNF-).
Prevention of toxicity
Close monitoring of white blood count, BUN and
creatinine as well as CPK values are highly recommended after HILP or ILI. Melphalan, which is the
most commonly used agent, has bone marrow
suppression side effects. Daily complete blood
counts should be drawn to ensure systemic leakage
of the melphalan has not led to any bone marrow
suppression. These labs should also be redrawn at
a 2-week post-op visit to make sure there are no
late bone marrow effects. Muscle necrosis can lead
to rhabdomyolysis and in turn cause myoglobininduced renal failure. Therefore, serum CPK values
should be measured daily, and if they rise
above 1000 u/L, then aggressive measures to
prevent myoglobin-induced renal failure should be
undertaken. Hydration with normal saline at rates
significant enough to produce a urine output of
greater than 0.5 cc/kg per hour should be sufficient to
prevent myoglobin-induced renal failure. Thompson
et al. and Zager et al. suggest that intravenous
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steroids may help after an ILI to lessen the regional
inflammatory response in the muscle from reperfusion injury. Decadron 4 to 6 mg every 6 hours
intravenously may lead to less post-operative edema,
erythema and extremity pain [12, 14]. The authors
usually use steroids after CPK values peak over
1000 u/l or the infused leg develops immediate postoperative grade III regional toxicity. The steroids are
tapered as the symptoms abate and the CPK levels
come down towards baseline. Careful and constant
monitoring of the limb for compartment syndrome
should be initiated. Serial neurovascular checks
should be undertaken in the affected extremity in
order to diagnose and then treat any compartment
syndrome at an early time point, prior to permanent
neurovascular damage [14].
Application of a distal tight wrapping of the feet
and hands, prior to drug administration, to prevent
early pain and edema and late epidermiolysis and
desquamation has been described [9]. For repeat
HILPs, cannulating the vessels at a more proximal
site should be performed if possible to avoid vascular
complications such as stenosis of the arteries.
Patients with severe atherosclerosis of the extremity
vessels are a relative contraindication to HILP and
pulseless extremities are a contraindication to both
HILP and ILI [9, 14].
Calculation of the drug dose is highly important.
Dose reduction in terms of a 10% decrease in obese
and/or pre-existing severely edematous extremities
can help avoid potential post-op regional complications [16, 72]. Melphalan dosing may and should be
corrected for ideal body weight in those patients.
Cheng et al. demonstrated in a small series that when
the ratio of estimated limb volume (Vesti) to
melphalan volume of distribution (Vss) is greater
than 4, the incidence of acute regional toxicity is
increased. This can potentially be decreased by
adjusting the dosing of melphalan to ideal body
weight, especially if higher risk patients are treated
(i.e. those with pre-existing moderate to severe
extremity edema and obese patients) [14, 73].
sHILP or ILI should be stopped if leakage into
systemic circulation is420% [9]. A complete washout
is required at the end of the procedure for both HILP
and ILI. This eliminates waste products and residual
chemotherapeutic agents in the extremity therefore
decreasing the risk of systemic and regional toxicity.
In HILP the washout typically consists of 2 l isotonic
crystalloid solution and 1 l normal saline in an ILI,
prior to deflating the tourniquet [14].

Summary
HILP and ILI have been proven to play a significant
role in the treatment of patients with unresectable

melanoma and sarcomas of the extremities. These
procedures are valuable when patients are otherwise
faced with the possibility of a debilitating
amputation.
The regional toxicities of HILP and ILI are
similar. The most common toxicities reported are
Weiberdink grade II–III regional toxicities. However,
when severe regional toxicities occur, albeit infrequently (<5%), amputation may be necessary. Some
studies have shown a correlation with acute toxic
regional effects and long term regional morbidity.
Systemic toxicity appears to be more severe when
TNF- is used in combination with other drugs.
Use of TNF- in the USA is limited to IRB
approved trials, but is common in European centers.
Careful monitoring, appropriate dosing, and maintenance of physiologic parameters are paramount
to minimize the systemic side effects. The systemic
toxicity is minimal when ILI is used compared
to HILP, making ILI more suitable for higher
risk patients, those with multiple co-morbidities.
ILI also has the advantage over HILP of being
easier to perform technically. Therefore, ILI is
particularly attractive in those patients where repeat
procedures need to be performed after previous
HILP or ILI.
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